, and Yb 3+ complexes of 6,6′-bis (5,5,8,8-tetramethyl-20 5,6,7,8-tetrahydro-1,2,4-benzotriazin-3-yl)-1,10-phenanthroline 21 (CyMe 4 -BTPhen) and the Pr 3+ , Eu 3+ , and Tb 3+ complexes of 22 2,9-bis (5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-1,2,4-benzotria-23 zin-3-yl)-2,2′-bypyridine (CyMe 4 -BTBP) were obtained. methanol indicated that the nitrate-coordinated species is dominant in solution. X-ray absorption spectra of Eu 3+ and Tb 3+ 33 species, formed by extraction from an acidic aqueous phase into an organic solution consisting of excess N-donor extractant in 34 pure cyclohexanone or 30% tri-n-butyl phosphate (TBP) in cyclohexanone, were obtained. The presence of TBP in the organic 35 phase did not alter lanthanide speciation. Extended X-ray absorption fine structure data from these spectra were fitted using 36 chemical models established by crystallography and solution spectroscopy and showed the dominant lanthanide species in the 37 bulk organic phase was a 1:2 Ln 3+ /L N-donor species.
38
■ INTRODUCTION 39 The reprocessing of irradiated spent nuclear fuel (SNF) has 40 been performed since the 1940s, with the initial motivation to 41 isolate plutonium for military purposes but more recently with 42 the purpose to separate and recover both uranium and 43 plutonium in order to maximize the resources available to 44 (5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-1,2,4-benzotriazin-3-134 yl)-2,2′-bipyridine (CyMe 4 -BTBP; Figure 1 with the synthesis of 2,9-bis (5,5,8,8-tetramethyl-5,6,7,8-tetrahy-152 dro-1,2,4-benzotriazin-3-yl)-1,10-phenanthroline (CyMe 4 -153 BTPhen; Figure 1 (6−8 and 10) and metallonitrates (7) present as counterions.
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The first structures of Ln-BTBP complexes to be isolated were fitting the appropriate spectrophotometric titration data (Table   357 t2 2). These fits confirm that the formation of both ML and ML 2 358 (where L is the N-donor ligand) species does occur over the (Table 3 ). This strongly suggests that the first coordination 437 sphere of the complexes is completed by ligation of nitrate traversed from left to right ( anions to give charge-neutral species. 23 The structure of the 3+ with CyMe 4 -BTBP 564 offers further insight into the equilibrium between 1:1 and 1:2 565 Ln/BTBP−BTPhen complex stoichiometries. Although it may 566 be possible for both of these stoichiometries to be isolated, the 567 vast majority of the structural evidence indicates that the 568 lanthanides preferentially coordinate to two of these tetra N-569 donor ligands from this class of extractant molecules. In 570 contrast to the CyMe 4 -BTPhen structures, metal-bound nitrate 571 ions are observed with all CyMe 4 -BTBP species except Tb 3+ . 572 This is presumably due to the greater flexibility afforded from 573 the bipyridine, compared to the "locked" phenanthroline, 574 permitting the sterically larger bidentate nitrate anion, relative 575 to water, to bind to the Ln 3+ center.
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576
For all of the complexes of CyMe 4 -BTBP (6−10), the Ln−N t7 577 bond distances ( The shells used to fit the EXAFS data for all samples were 629 derived from the corresponding Ln C shells, respectively (Figure 4 and Tables 8 and 9 ). It was 
100 (2) 100 (2) 100 (2) 100 (2) 100 (2) 
